T first glance, there appear to be no new features of iatrogenic peripheral nerve injury that would be worth repeated attention. The various operative and nonoperative mechanisms of iatrogenic injury have been well documented. 1, 2, [5] [6] [7] [10] [11] [12] 15, 16, 19, 20, [22] [23] [24] [25] [26] 28, [30] [31] [32] [33] [34] [35] These mechanisms include transection, stretch, compression, injections, heat, and use of anticoagulant agents and radiation. Although the various iatrogenic mechanisms have been reported in articles in medical journals and in chapters in specialized texts, few have thus far found their way to basic medical textbooks (for example, sciatic injection injury and peroneal palsy caused by casts). A few authors have extensively reviewed and described mechanisms for iatrogenic injuries as well as nerve sites at risk, and have provided diagnostic hints and clinical examples of such injuries. [1] [2] [3] 30, 35 Despite the availability of such information, peripheral nerve surgeons encounter a large number of iatrogenic injuries. In a group of 2500 medical liability cases, found 336 iatrogenic lesions of the nervous system, 217 of which involved peripheral nerves. This author evaluated 26 spinal accessory nerve lesions, 37 lesions in the upper extremity, and 42 lesions in the lower extremity. Sixty percent of these injuries were complications of operations and 22% were due to injection and venipuncture. Birch and colleagues 2 have expressed a contemporary concern that there appears to be a "rush to minimal access and endoscopic methods in order to reduce hospitalisation." Such a change in management strategy has the potential for a certain incidence of new iatrogenic injuries. 21 Our intention in this study was to document the actual percentage of iatrogenic lesions among our patients to review which nerves and regions seem to be affected and which procedures caused the injuries. Furthermore, we have been interested in outcome after microsurgical treatment of such lesions and the time course between the initial trauma and the final surgery. It was not our intention to review the whole spectrum of iatrogenic lesions. 
T first glance, there appear to be no new features of iatrogenic peripheral nerve injury that would be worth repeated attention. The various operative and nonoperative mechanisms of iatrogenic injury have been well documented. 1, 2, [5] [6] [7] [10] [11] [12] 15, 16, 19, 20, [22] [23] [24] [25] [26] 28, [30] [31] [32] [33] [34] [35] These mechanisms include transection, stretch, compression, injections, heat, and use of anticoagulant agents and radiation. Although the various iatrogenic mechanisms have been reported in articles in medical journals and in chapters in specialized texts, few have thus far found their way to basic medical textbooks (for example, sciatic injection injury and peroneal palsy caused by casts). A few authors have extensively reviewed and described mechanisms for iatrogenic injuries as well as nerve sites at risk, and have provided diagnostic hints and clinical examples of such injuries. [1] [2] [3] 30, 35 Despite the availability of such information, peripheral nerve surgeons encounter a large number of iatrogenic injuries. In a group of 2500 medical liability cases, Müller-Vahl 20 found 336 iatrogenic lesions of the nervous system, 217 of which involved peripheral nerves. This author evaluated 26 spinal accessory nerve lesions, 37 lesions in the upper extremity, and 42 lesions in the lower extremity. Sixty percent of these injuries were complications of operations and 22% were due to injection and venipuncture. Birch and colleagues 2 have expressed a contemporary concern that there appears to be a "rush to minimal access and endoscopic methods in order to reduce hospitalisation." Such a change in management strategy has the potential for a certain incidence of new iatrogenic injuries. 21 Our intention in this study was to document the actual percentage of iatrogenic lesions among our patients to review which nerves and regions seem to be affected and which procedures caused the injuries. Furthermore, we have been interested in outcome after microsurgical treatment of such lesions and the time course between the initial trauma and the final surgery. It was not our intention to review the whole spectrum of iatrogenic lesions. ary 1990 and December 1998 was performed. Preoperative case histories and intraoperative findings were examined to identify those cases that were iatrogenic. Cases in which there was no clear-cut evidence of an iatrogenic mechanism were excluded. Results were documented 3 or more months postoperatively and, usually, on multiple occasions. Motor power was graded using the British MRC system 29 at follow-up examinations. The patients' own ratings of outcome were combined with the physical findings. This permitted us to place each patient into one of four outcome categories: very good, good, no change, or worsened. Those patients who did not appear for followup examinations were contacted by phone or mail to obtain a postoperative statement about their outcomes. These patients responded to a multiple-choice questionnaire. Patients were asked to assign their own perceived outcomes to one of the following four categories. A very good outcome represented considerably less pain and/or considerable improvement in motor function and/or sensory deficit. Patients would be assigned (or would assign themselves) to this category if motor function improved from Grade M3 to M4 or from Grade M2 to M3 according to the British MRC scale. This category would also apply to a patient who experienced alleviation of severe pain. The criteria for the spinal accessory nerve were strict, that is, Grade M4 and no pain. The good outcome category indicated less pain and/or improvement in the patient's motor and/or sensory deficit. Patients in this category experienced a modest improvement in function and/or some decrease in pain. The category no change was assigned to patients whose injuries remained the same as they were preoperatively. Outcome was categorized as worsened if pain, sensory deficits, and/or motor functions had deteriorated, compared with the preoperative state.
Results
One hundred twenty-six (17.4%) of 722 surgically treated traumatic nerve lesions were iatrogenic. This represents 4.5% of all peripheral nerve operations (126 of 2811) performed during that time interval. Iatrogenic injury involved the lower extremity in 41.3% (52 of 126 lesions), the upper extremity including the spinal accessory nerve (which was treated as a peripheral nerve) in 40.5% (51 of 126 lesions), and the groin region in 14.3% (18 of 126 lesions). Injuries at rare locations made up less than 4% (five of 126 lesions).
Involved Nerves
As can be seen in Table 1 , the incidences of iatrogenic injuries to specific nerves in decreasing order were acces- 
Iatrogenic Mechanisms
If the various orthopedic procedures are combined, they consist of a group of 42 cases, which forms the largest iatrogenic injury group (Table 2) . Within this orthopedic group, different osteosynthetic procedures, osteotomies, and ligament repairs as well as removal of plates were responsible for most lesions. Besides orthopedic operations, a variety of hand surgeries performed without instrumentation (11 cases) and minor surgical procedures (27 cases) such as subcutaneous abscess drainage, hematoma evacuation, foreign body removal, and so forth were also responsible for iatrogenic nerve injury. In the minor surgical procedure category, lymph-node biopsy alone was the causative procedure in 15 cases. Inguinal hernia repair (13 cases) was another frequent cause of injury. Herniorrhaphy caused two thirds of groin-level injuries, whereas only two of these injuries were the result of urological procedures. Other causative procedures included a variety of operations for varicose veins performed by stripping, ligation, and/or open removal (five cases). Removal of either a Baker cyst or a ganglion cyst led to five injuries each. Intraoperative surgical procedures caused almost all iatrogenic injuries that required a second operation (114 cases [90%]). Only 12 cases of injury were a result of nonoperative treatment or diagnostic procedures. The most frequent nonoperative cause of iatrogenic peripheral nerve injury was cast application (five cases).
Results of Surgery
Of the 126 cases of iatrogenic nerve lesions, adequate follow-up data were available in 97. Seventy-eight patients were examined postoperatively on an outpatient basis, two were reached by phone, and 17 returned a completed questionnaire. The follow-up period ranged from 3 months to 7 years and 8 months, with a mean of 18 months. Results were assigned to the four different categories, as outlined in Clinical Material and Methods. Forty-five (46%) of 97 patients achieved a good outcome and their injuries improved slightly to markedly. This means that there was at least some improvement in one of the preoperative deficits (sensory, motor, or pain). In 23 patients (24%) a very good result was obtained. In these cases the patient was very satisfied with the result and had experienced considerable improvement in deficits and/ or pain. In 25 patients (26%) the injuries remained unchanged after the operation. Four patients with neuropathic pain complained that their pain had worsened; thus, in approximately two thirds of the 97 patients (68 patients [70%]) who could be evaluated postoperatively there was improvement.
Results Related to Nerves Repaired
Very favorable results could be achieved with spinal accessory nerve repair; all 11 patients in whom follow-up data were available improved and three of the 11 had a very good result. Categorization of these patients differed slightly from others. For a very good result, patients needed to be free from pain and motor power had to improve to a British MRC grade of M4 or better. (For a complete listing of results related to specific nerves repaired, see Table 3 .) Surprisingly, five of 11 groin-region injuries improved and seven of 10 injured superficial radial nerves did also. These patients often had a severe burning pain as well as paresthesias, but did not have causalgia or reflex sympathetic dystrophy. As a result, pharmacological pain management was difficult, and yet operative intervention proved worthwhile. Autologous interfascicular nerve grafts for loss of motor function worked well for some patients. This was especially true for spinal accessory nerve repair (Fig. 1) , but also for posterior interosseous, femoral, and common peroneal nerve repairs (Figs. 2 and  3 ). An example can be provided by the case of a patient with a fractured radius and ulna, and a dislocated elbow. After reduction and plating, radial head necrosis developed, necessitating repeated operation. During the first postoperative cast change, a severe wrist drop was noticed and the patient was unable to extend fingers and wrist. During surgical exploration performed 4 months later, the posterior interosseous nerve was found to be transected and to have a neuroma. Four-centimeter-long sural nerve grafts were interposed. Four years later, good finger extension (British MRC Grade M4) was present. Such good results for injuries of the posterior interosseous and spinal accessory nerves are consistent with findings in the literature. 2, 7, 15, 16, 26 The three patients with sciatic nerve lesions (Fig. 4 ) underwent internal and external neurolysis; in one case an end-to-end nerve communication had to be surgically created. It is too early to make a final evaluation of these cases, but all patients already show improvement. Another example is represented by the case of a 16-yearold girl with hip dysplasia, who sustained a sciatic injury during an osteotomy (Toennis procedure). Eight months after this operation, an internal as well as external neurol- (1) ysis was performed at the level of the sciatic notch. Ten months later there was functional improvement in foot dorsiflexion (from a British MRC Grade M0 to M3) and the patient does not need to wear her kick-up foot brace anymore. The three patients with iatrogenically sectioned digital or dorsal foot cutaneous nerves presented with pain, hypesthesia, and paresthesia due to neuroma formation. These lesions were resected rather than repaired and all patients' conditions improved, with only one exception. An example is provided by one case in which the patient had a painful neuroma at the intermediate dorsal cutaneous nerve of the foot as a result of a lesion formed during plate removal (used for an ankle fracture). There was a lapse of 7 years between having incurred the injury and experienced the neurolysis, and having the neuroma resected. In his response to our questionnaire, which he made 5.5 years postneuroma resection, the patient stated that he was free from pain.
Latency Between Lesioning and Nerve Repair: Referral Patterns
Of the 124 lesions for which the latency between lesioning and nerve repair could be evaluated retrospectively, 43 (35%) were surgically treated within the first 6 months after iatrogenic trauma was sustained, 40 (32%) were surgically treated 6 to 12 months after injury, and 41 (33%) were treated 1 year or more after injury. Thus, approximately two thirds (81 [65%] of 124) of the iatrogenic injuries were not surgically treated within the time interval deemed appropriate for elective secondary repair (Յ 6 months). This was usually due to delayed referral. Most patients in whom surgery was delayed until 6 months or more postiatrogenic injury had consulted many physicians because of their problem before they were referred to our institution. Many of these patients were ultimately referred by neurologists. By comparison, referral was more direct in patients who presented within 6 months postsurgery; they were referred by the original surgeon or the first neurologist to examine the patient. Reasons for delayed repair could have included uncertainties about the proper diagnosis and the possible benefit of a repeated operation.
Discussion
Although the mean time between iatrogenic injury and referral for nerve repair was 21 months, it ranged from 2 weeks to 27 years and, thus, the mean time itself, in our view, is not a very useful number. In fact, our data imply that two thirds of the patients were referred at a time that was less than optimal for exploration and repair. A substantial delay before secondary surgery impairs the chances for recovery from motor or sensory nerve dysfunction as well as from pain. 8, [13] [14] [15] 18 Despite the iatrogenic nature of these injuries, the same timing guidelines used for similar noniatrogenic injuries should be used. 9, 14 For the peripheral nerve surgeon enlisted to treat the injury, it is especially important to have a chance to follow the course clinically in those cases that are not straightforward to make an appropriate decision. [13] [14] [15] 18, 26 
Number of Lesions
Close to one fifth of the traumatic nerve injuries surgically treated at our institution had an iatrogenic cause. In addition, some iatrogenic mechanisms of injury such as injection(s) to nerve, although fairly frequently occurring, are usually managed conservatively. 2, 15, 19, 33, 35 In this series only two cases of injection injuries were referred for surgery.
Lesion Mechanisms
The majority of injuries in this series were caused by intraoperative damage by direct lesioning from transection, partial section, stretch, compression, ligature, and inadvertent nerve resection. In an evaluation conducted in China by Huang, et al., 11 operative causes of iatrogenic injury also predominated.
The major iatrogenic category of injuries were those associated with orthopedic or related procedures performed during orthopedic surgery, trauma surgery, and hand sur- gery. This could somehow be expected, because major surgical operations involving instrumentation and difficult approaches fall within those categories. Birch, et al., 2 pointed out that cutaneous sensory nerves are most often damaged during operations for ganglion of the wrist or de Quervain tenosynovitis (sensory superficial radial nerve), operations at the elbow (antebrachial cutaneous nerves), decompression of the median nerve (palmar cutaneous branch of the median nerve), arthroscopies and operations for varicose veins (saphenous nerve and branches and sometimes the sural nerve), and operation for Dupuytren disease (digital nerves); this is completely in line with our findings. Carozzella, et al., 4 has stressed that the radial digital nerve of the thumb is especially vulnerable during index finger release, because it can be trapped between the radial sesamoid bone and the knife blade. In their autopsy studies, the nerve was found to be 2.2 mm beneath the dermis and approximately 1.2 mm anterior to the sesamoid bone on average. Hochwald and colleagues 10 compared the different methods of K-wire placement in the distal radius that might lead to damage of the superficial sensory radial nerve. As a result, a small skin incision was recommended instead of percutaneous placement of wires.
Because commonly performed operative procedures undergo constant changes in method, typical iatrogenic lesions can change as well. When shoulder rests were used to support patients who were operated on while in the Trendelenburg position in former days, patients frequently suffered from brachial plexus damage. 2 With the use of slings for maintaining limbs in the lithotomy position, a greater likelihood of damaging the common peroneal nerve was noted. 2 Five endoscopic procedures (two knee arthroscopies, one inguinal hernia repair, and two carpal tunnel releases) caused iatrogenic injuries during the period evaluated (until December 1998). It may be that we will see more inadvertent median and even ulnar lesions associated with endoscopic carpal tunnel release. 21 At least this seemed to be the case this past year (1999) at our institution (Fig.  5) . Other major contributors to iatrogenic injury were socalled minor operations, especially lymph-node biopsy.
Regionalized Examples
Those relatively minor surgical procedures, such as removal of subcutaneous fluid collections (seroma or pus), or removal of subcutaneous lesions, such as lipoma or sebaceous cysts, were performed by use of skin incisions crossing underlying peripheral nerves. 3 Unfortunately, the nerves were not dissected or identified. Even such a seemingly innocuous procedure as venipuncture can lead to significant damage (Fig. 6) , as can removal of a suction drain.
Lymph-node biopsy is widely reported as a cause of accessory nerve palsy, associated with winging of the scapula and difficulty with shoulder abduction. Node biopsy should not be a quick diagnostic routine procedure at all. Although the node can usually be readily identified, it may be difficult to enter the correct plane to avoid injury to the accessory nerve. 7, 15, 16, 30 Surgeons with expertise in brachial plexus surgery as well as in the anatomy of the posterior triangle of the neck plan their approaches to minimize injury to the accessory nerve. 2, 15 The nerve is quite often in direct contact with the lymph node or with the fat pad surrounding it. 15 In the study of 83 consecutive patients with extracranial spinal accessory nerve injury conducted by Donner and Kline, 7 the most common cause was iatrogenic. Such operations were minor in nature and often related to lymph-node or benign tumor removal. Locating the nerve for repair after iatrogenic injury to the nerve can be a real challenge because of heavy scarring and distortion of anatomical landmarks.
Varicose vein procedures were a frequent source of injury to saphenous, sural, and even common peroneal nerves. The saphenous nerve has been found cut, ligated, or even stripped, which suggests that the operative site could not have been visualized well due to minimal exposure through small incisions.
Hernia repair is known to threaten the nerves of the groin region and this is described in various other publications. 1, 2, 5, 22, 26, 27, 30 Lesioning, however, has not been limited only to the ilioinguinal nerve, but has involved genitofemoral branches and the iliohypogastric nerve as well.
Apart from compressive injury to the peroneal nerve at the fibular level following cast application, we were surprised by the low number of nonoperative iatrogenic injuries caused by malpositioning and injection that were referred to us. This number is contrasted by data from other publications that still show a high incidence of such lesions. 15, 19, 33, 35 Villarejo and Pascal 33 reported their experiences with 370 injection injuries in 1993. Midha, et al., 19 reviewed 80 cases of injection injury treated at Louisiana State University Medical Center-New Orleans over a 25-year period. Perhaps, such cases simply were not brought to our attention because they had been treated elsewhere.
Timing of Surgical Repair
Failure to establish a proper diagnosis relatively early appeared to be the major factor in delayed referral. Delayed referral remains a major problem because the opportunity to initiate treatment within the proper time frame is missed. Birch and colleagues 2 mentioned that, in nearly half of their patients suffering from "iatropathic injury," diagnosis was delayed for more than 6 months. In contrast, Piza-Katzer and colleagues 26, 27 were able to perform surgery on 75% of their 33 iatrogenic injuries within 6 months. And in their epidemiological study of 813 patients with 1111 nerve injuries, McAllister, et al., 17 found that 93 injuries in 83 patients were not recognized initially. As an example, accessory nerve palsy can be mistaken for glenohumeral joint or muscular injury, because the patient's main complaint initially may be shoulder pain. Shoulder abduction is painful and requires progressively greater and more awkward effort. Many physicians do not appreciate the fact that patients with complete accessory nerve palsy can still shrug their shoulders by the compensatory contraction of the levator scapulae and other muscles (Fig. 7) . Thus, it is a common misconception that patients with a complete accessory nerve palsy distal to the sternocleidomastoid branch would be unable to shrug their shoulders anymore.
Operative Results
We used a simplified grading system to summarize results in this series. Because iatrogenic injuries are so diverse, affecting different nerves at different levels, and because the surgical treatment required is diverse, we attempted to stratify outcomes into four simple categories. Using more sophisticated systems to grade individual muscles and sensory or whole nerve outcomes would not have helped us in that regard, because it would require the creation of too many, and thus uncomparable, subgroups.
In this series, of the 97 patients in whom adequate follow-up data were available, 24% achieved a very good result, 46% had a good result, 26% remained unchanged, and 4% experienced worsening of their condition. On the basis of our findings, operative intervention for iatrogenic injuries is often successful.
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Evaluation of iatrogenic lesions 911 FIG. 5. Intraoperative photograph obtained in a patient in whom this median nerve presented as grossly distorted and there was a large neuroma following endoscopic carpal tunnel release (palm to the right side). After dissection, the nerve is shown to be partly transected at the wrist level (arrowhead).
FIG. 6.
Intraoperative photograph of the right superficial radial nerve of a patient with severe pain and paresthesia following a vessel puncture demonstrating a marked neuromatous swelling. After further dissection a monofascicular neuroma was found.
FIG. 7.
Photograph of a patient with left spinal accessory nerve palsy. As is common, despite marked atrophy of the trapezius muscle, the patient is able to shrug his shoulders.
Conclusions
We found a great number of iatrogenic nerve lesions. Referral for proper treatment is still delayed in a high number of cases. A microsurgical attempt at treatment seems to be very worthwhile and our results have been encouraging. Thus, we believe a fair share of patients with similar lesions would benefit from earlier diagnosis and treatment management by a specialist in peripheral nerve microsurgery.
